Background: The effect of a weekend compared with a weekday hospital admission on patient outcomes after an acute coronary syndrome is unclear. This study aims to determine whether collectively there is a weekend effect in acute coronary syndrome. Method: We conducted a systematic review and meta-analysis of cohort studies examining the association between weekend compared to weekday admission at any time of the day and early mortality (in-hospital or 30-day). A search was performed on Medline and Embase and relevant studies were pooled using random effects meta-analysis for risk of early mortality. Additional analyses were performed considering only more recent studies (conducted after 2005) and by patient group (ST-elevation myocardial infarction [STEMI] or non-STEMI [NSTEMI]), as well as meta-regression according to starting year and mean year of study. Results: A total of 18 studies were included with over 14 million participants incorporating 3 million weekend and over 11.5 million weekday admissions and the rates of mortality were 19.2% and 23.4%, respectively. The pooled results of all 18 studies suggest that weekend admission was associated with a small increased risk of early mortality (odds ratio [OR] 1.06, 95% confidence interval [CI] 1.03-1.09). The results for subgroups of STEMI and NSTEMI cohorts were not statistically significant and timing of admission after 2005 had minimal influence on the results (OR 1.06, 95% CI 0.95-1.17). Conclusions: There is a small weekend effect for admission with acute coronary syndrome that has persisted over time.
Introduction
A weekend effect where outcomes for patients admitted acutely during the weekend are worse than those for patients admitted during the week has been reported in many specialities across medicine, [1] [2] [3] although the cause is unclear. 4 On weekends, levels of staffing and access to diagnostics are recognised to be significantly lower than on weekdays. 5 In addition, part of the weekend effect may potentially be a selection bias where cohorts admitted at the weekend may be sicker or older compared to those admitted on weekdays. 6 This topic is of considerable importance because it is integral to the development of a 7-day National Health Service (NHS). 7 In one of the first studies to investigate the weekend phenomenon in acute myocardial infarction (AMI) weekend versus weekday admission in over 3 million emergency department admissions in Canada found no significant difference in mortality rates. 1 However, a subsequent US study of nearly 60,000 admissions reported a significant increase in 30-day mortality for AMI admissions on the weekend, which was mainly driven by the availability of invasive cardiac procedures. 8 Since these early studies, many additional studies have been published, [9] [10] [11] [12] [13] [14] with inconsistent results. Furthermore, since the initial reports of a weekend effect in AMI, there have been significant improvements in the management of AMI with a move towards invasive revascularisation strategies that are not restricted to working hours, as well as advances in pharmacotherapy that may attenuate the weekend effect in more contemporary practice and technologies, such as better monitoring through the availability of remote telemetry.
In spite of the presence of significant literature on the weekend effect, there has been a call for a comprehensive systematic review of the findings in order to assess the complex relationships between staffing levels, services and patient safety in terms of process and outcome measures. 15 A previous review of 48 studies and fewer than 2 million participants evaluated the impact of out-of-hour and weekend presentation on outcomes in AMI, 16 but this review has been superseded by newer studies evaluating the weekend effect, including a study of 13 million participants. We conducted an updated systematic review and meta-analysis of observational studies on the impact of weekend admission compared to weekday admission for AMI.
Methods

Eligibility criteria
We selected parallel group observational studies that evaluated mortality events among patients admitted with a diagnosis of acute coronary syndrome (ST-elevation myocardial infarction [STEMI] or non-STEMI [NSTEMI] and unstable angina). The study had to evaluate day of admission and mortality outcomes for patients admitted on weekend and weekdays. There was no restriction on whether studies were retrospective or prospective in design. We excluded conference abstracts, letters and studies that used a casecontrol design because incidence rates of mortality cannot be determined for such study designs.
Search strategy
We searched Medline and Embase using Ovid in August 2016 using the search terms as follows: ("weekend" OR "weekday") AND ("myocardial infarction" OR "STEMI" OR "NSTEMI" OR "acute coronary syndrome"). We also checked the bibliographies of included studies and relevant reviews for additional studies.
Study selection and data extraction
Two reviewers (CSK and MA-D) independently and in duplicate assessed the titles and abstracts of the search results and excluded studies that were clearly not relevant. Full texts of potentially relevant studies were retrieved and detailed evaluation was performed against the eligibility criteria. Any uncertainties about inclusion were resolved by consensus through discussion with other co-authors after full review of the manuscript. Where the same cohort was reported more than once, we included the studies that reported the most complete results or had the longest follow-up or largest number of participants. The primary outcome was in-hospital mortality, and 30-day mortality was extracted when this was not available. The reason for this is that early events are more likely to be related to day of admission and, as time progresses, changes in outcomes may be more related to the care received post-admission rather than day of admission. Secondary outcomes of interest included re-infarction or myocardial infarction, major adverse cardiovascular events by any definition, major bleeding complications and stent thrombosis.
Study characteristics and quality assessment
Two reviewers (CSK and MA-D) independently extracted data on study characteristics. We recorded data on study design, total number of participants, mean age, percentage of male participants, participant inclusion criteria, type of participants, timing of mortality follow-up and results. Both crude event rates and most adjusted results were extracted.
Quality assessment was performed by using the Newcastle-Ottawa Scale. 17 The areas evaluated were representativeness of the weekend cohort, selection of the weekday cohort, ascertainment of weekend/weekday admission, comparability of the cohort, appropriate length of follow-up and adequacy of follow-up. Funnel plots were used to evaluate publication bias if the analysis had more than ten included studies and no evidence of statistical heterogeneity. 18 
Data synthesis
We used RevMan 5.3 (The Nordic Cochrane Centre, Copenhagen, Denmark) to conduct a random-effects metaanalysis for the pooled relative risks (RRs), with 95% confidence intervals (CIs) based on the inverse variance method. Statistical heterogeneity was assessed using the I 2 statistic where 30-60% represents a moderate level of heterogeneity. 19 We performed sensitivity analysis by systematically excluding one study and investigating its effect on statistical heterogeneity where there were sufficient studies (more than ten studies) in a single analysis. The main analysis was stratified according to whether or not the studies adjusted for potential confounders. Additional analysis was performed only including studies with STEMI and NSTEMI, as well as those that studied cohorts from the past decade (2005 onwards). Further meta-regression was performed in STATA using the 'metareg' function according to starting year of study and mean year of study.
Patient involvement
Patients were not involved in the design and conduct of the review.
Results
Overview of participant characteristics in the included studies
A total of 18 studies met the inclusion criteria as described in Figure 1 . 1, [8] [9] [10] [11] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] The study design and participant characteristics of the studies included are shown in Table 1 . There was a total of 14,588,798 participants, the mean age across the 15 studies that reported the age of the cohort was 65 years and the percentage of male patients was 67% in 17 studies.
Quality assessment in the included studies
The quality assessment of included studies is shown in Supplementary Table 1. The majority of studies evaluated a non-selected acute coronary syndrome cohort for admission on weekends and weekdays. In addition, most studies used hospital administrative data regarding time of admission and day of admission. There were inconsistencies in use of adjustments, which varied across the studies, but 15 studies used adjustments for potential confounders. There were reliable methods for mortality assessment across the studies and adequate follow-up as the primary outcome was in-hospital mortality or 30-day mortality. Several studies did, however, report loss to follow-up, which was <10%, although this was higher in the studies by Kim et al. 26 and Ryan et al., 31 at 45% and 28%, respectively.
Characteristics of participants included on weekends compared to weekdays
Supplementary Table 2 shows the characteristics of participants according to weekend and weekday status. Metaanalyses of each of these characteristics show that the risk factors of patients admitted on weekends were not significantly different, although patients admitted on weekends were less likely to have hypertension (odds ratio [OR] 0.99, 95% CI 0.98-1.00; p = 0.02) ( Table 2 ). Angiography during admission (OR 0.94, 95% CI 0.86-1.01, p = 0.11, five studies) and early or emergency angiography (OR 0.99, 95% CI 
Influence of weekend admission on early mortality outcomes
The results of the included studies are shown in Table 3 . There were 3,037,928 participants who were admitted on weekends, while 11,550,870 were admitted on weekdays. Fourteen out of the 18 studies reported crude mortality event rates, which were greater in the weekday group compared to the weekend group (weekday 22,303/116,339, 19.2% vs. weekend 113,212/483,687, 23.4%). The pooled results of all 18 studies suggest that patients admitted on the weekend have a small increase in the risk of early mortality compared to patients admitted during the week (OR 1.06, 95% CI 1.03-1.09, I 2 = 55%) ( Figure 2 ). There was the same weekend effect among studies that adjusted for differences in covariates (OR 1.06, 95% CI 1.03-1.09), but this was not statistically significant in studies that did not adjust for differences in covariates (OR 1.10, 95% CI 0.88-1.37). The sensitivity analysis excluding single studies found that exclusion of the study by Isogai et al. 10 reduced statistical heterogeneity to I 2 = 39% in the adjusted analysis and I 2 = 40% overall. The study by Isogai et al. took place in Japan and had the oldest average age for participants among the included studies. In addition, its methodology differed from the other studies because these authors excluded patients who were discharged alive on the day of admission, and this alters the risk profile of the cohort.
The results of the analysis according to the type of acute coronary syndrome are shown in Figure 3 . Among both STEMI and NSTEMI patients, weekend admission was associated with no significant difference in mortality (OR 1.04, 95% CI 1.00-1.08 for STEMI and OR 1.12, 95% CI 0.98-1.28 for NSTEMI). Further sensitivity analyses restricting the studies that were conducted after 2005 (Table 4) showed a statistically significant weekend effect for early mortality among studies undertaken prior to 2005, but not for those undertaken after 2005, although ORs were similar in magnitude. Meta-regression according to starting year and mean year (Figure 4) showed a significant relationship between year of study and early mortality (p = 0.019 and p = 0.025, respectively).
The pooled results for differences in other adverse outcomes with weekend compared to weekday admission are shown in Figure 5 . The results suggest that there is no significant difference in re-infarction (OR 1.06, 95% CI 0.85-1.33), major adverse cardiovascular events (OR 1.08, 95% CI 0.97-1.21) and major bleeding (OR 0.75, 95% CI 0.50-1.12) with weekend compared to weekday admission.
Discussion
Our results suggest a small weekend effect where patients with acute coronary syndrome admitted on weekends have worse mortality outcomes compared to weekday admissions (OR 1.06, 95% CI 1.03-1.09). This effect was no longer statistically significant when restricting analysis to the fewer studies undertaken in the past decade, but the estimate was similar in magnitude to the main analysis (OR 1.06, 95% CI 0.95-1.17). Furthermore, no significant differences for participants with STEMI and NSTEMI were observed. The mechanisms that underlie this 6% difference in early mortality among weekend admissions remains unclear. Selection bias has been proposed as one potential mechanism for the weekend effect. 11 It is possible that more severely ill patients are admitted to hospital on weekends, while patients with less severe presentations wait intentionally for weekday assessment. 33 However, our sensitivity analysis did not find significant differences in age or comorbidities in patient groups presenting at the weekend versus on a weekday. The effect of more severe presentations of AMI has been explored by Isogai et al., 10 who found that weekend admission was associated with increased mortality in Killip class II-IV, but not Killip class I. 10 They further suggest that while invasive procedures were available on weekends in their study, there may still be reduced staff, which may be insufficient to provide a level of care to rescue patients with AMI who rapidly progress to unfavourable outcomes. 10 It has also been suggested that differences in staff-related issues in delivering of care in hospitals on weekends may account for the disparity of outcomes amongst weekend admissions. 1 Possible reasons for worse outcomes in weekend admissions include reduced overall staffing, the presence of less senior doctors and less experienced staff, the need for cross-cover of other clinicians' patients, loss of continuity of care and less supervision of junior staff. 1 The reduced availability of senior staff is supported by a survey of over 30,000 clinicians that found that emergency admissions to English hospitals on a Sunday receive less input from specialists compared to on a Wednesday. 34 Furthermore, in terms of staffing levels on Sundays, no hospital in England has achieved 50% of the staffing levels on Wednesdays. In contrast, in a study of Gulf countries where they employ many expatriate staff who are senior level and experienced at working weekends and after hours, no weekend effect was observed. 21 Another potential reason relates to the availability of diagnostic and therapeutic procedures. Studies have consistently shown that timeliness of revascularisation is a major prognostic factor in patients with STEMI, 35 so current guidelines recommend a 90-minute window for doorto-balloon time. A key consideration in the debate regarding the weekend effect is the possible difference in door-toballoon time for STEMI patients where delays in revascularisation are highly correlated with poor outcome. 36 However, in NSTEMI, the optimal timing for invasive angiography is less clear. [37] [38] [39] Studies have shown that weekend admissions are less likely to undergo angiography compared to weekday admissions. 8, 40 The study by Gyenes et al. suggests that patients admitted on weekends are less likely to be admitted to a hospital with on-site angiography (26.8% for weekend admissions compared to 29.9% for weekday admissions). 23 In the current study, we found no significant difference in receipt of angiography during the admission and early/emergency angiography between the weekend and weekday groups.
We have built on the findings of a previous review by Sorita et al. that evaluated the effect of out-of-hours presentation AMI and adverse outcomes. 16 We included studies published since that review and similarly observed that patients admitted on weekends have higher mortality rates compared to those that present on weekdays. Restricting our analysis to more recent studies and those of specific indications like STEMI and NSTEMI did show significant differences overall, but these were only of borderline statistical significance amongst adjusted studies. We were able to perform a more in-depth analysis by undertaking sensitivity analyses in order to study differences in characteristics for participants who were admitted on weekends compared to weekdays. Surprisingly, we did not find any CI: confidence interval; MACE: major adverse cardiovascular event.
differences in either age or comorbidities for patients admitted on weekends compared to those admitted on weekdays; however, these results were only based on crude data. We were also able to build on the mortality findings that have only been reported previously by studying other endpoints and showing no significant differences in adverse outcomes, including re-infarction, major adverse cardiovascular events, major bleeding and stent thrombosis. It is interesting to see that the weekend effect, whilst not statistically significant when restricted to studies published in the last decade, is of a similar magnitude to that of the main analysis. The persistence of this small weekend effect is surprising, as a weekend effect may have been more evident historically where acute coronary syndrome services may not have been configured to offer invasive therapies to unstable NSTEMI patients or cases where thrombolysis had failed during the weekend. Acute coronary syndrome services have become reconfigured over time so that there is more senior input on weekends, including 24 hours a day, 7 days a week emergency percutaneous coronary intervention (PCI) for primary PCI and unstable NSTEMI cases, and one may have expected this to contribute to a reduction in any weekend effect over time, which we have not observed.
Furthermore, public health initiatives have been implemented and patients probably recognise the importance of early presentation to emergency services during episodes of chest pain. Khoshchehreh et al. have reported that weekend rates of NSTEMI have increased from 19% to 23% between 2001 and 2011, while weekend STEMI rates increased from 25% to 29%. 11 There may also be scope for improvements in out-of-hospital cardiac arrest care during off-hours, as one study suggests that survival rates are 30% lower compared to those arrests that occur during regular hours. 41 Our study has several strengths and limitations. Firstly, the sample size is large, with over 14 million participants. In addition, we included abstracts that would reduce the risk of publication bias. We were also able to consider patients with STEMI and NSTEMI separately and study the effect of the year in which studies were started or conducted. Our study was limited because were unable to comment on the causes of death (i.e. whether they were cardiovascular-or non-cardiovascular-related mortalities). Another limitation is that our study is not an individual patient meta-analysis and the results presented are limited to those already reported in the published literature. There is also significant heterogeneity in the studies that may reflect differences in the populations in the included studies. As with any observational study, there is always the risk of bias from unmeasured confounders.
The importance of determining the effect on patient outcomes of reduced staffing at weekends is topical for all healthcare systems. Through studying its effect on many different clinical presentations, it may be possible to improve outcomes through either increasing healthcare resources or redistributing existing resources from specialities with no discernible weekend effect to those with such an effect. Our study, looking at acute coronary syndrome presentation, suggests that patients admitted during the weekend are at increased risk of early mortality, although it is uncertain whether investing precious healthcare resources on weekend care will actually improve patient outcomes.
In conclusion, the existing literature suggests that patients who suffer heart attacks and who are admitted on weekends have a small increase in the risk of mortality at 30 days compared to those admitted on weekdays.
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